INTRODUCTION
Marine protected areas (MPAs) have increased threefold in the past decade, largely in response to Aichi Target 11 4 ; to conserve 10% of marine areas through the use of protected areas and other spatial management measures by 2020 (Juffe-Bignoli et al. 2014) . The purpose of MPAs varies from location to location, although broadly they are established for the protection of biodiversity and habitats, managing fisheries, promoting sustainable use of marine resources, and promoting tourism (Salm and Clark 2000) . Various attempts have been made to assess how effective MPAs are as a conservation strategy (Wood et al. 2008 , Lester et al. 2009 , Fox et al. 2014 . These assessments have shown broadly positive successes, such as maintenance of higher biomass of fish (Lester et al. 2009 ) and preventing coral loss (Selig and Bruno 2010) . However, there is concern that many MPAs are too small (Mora et al. 2006) , have ineffective management (Sale 2008) , and do not share the benefits of MPAs equitably within local communities (Juffe-Bignoli et al. 2014) . A common theme in these studies is the difficulty of assessing MPA effectiveness, because of a paucity of information available for assessments (Wood et al. 2008 , Juffe-Bignoli et al. 2014 .
The Western Indian Ocean (WIO) is a biogeographically distinct region of the wider tropical Indo-Pacific realm (Richmond 2002 , Obura 2012 , which includes the tropical East African coastline from the Red Sea to South Africa, and islands such as the Seychelles, Mauritius and Madagascar. It has moderately high biodiversity with over 60 genera of corals (Obura 2012) and 2000 species of fish (Richmond 2002) , but compared to other shallow tropical marine areas it has received much less scientific attention (Sheppard 2000) . The WIO has a long history of marine conservation, with many countries establishing their first MPAs in the 1960s (Wells et al. 2007) . In Kenya there are four no-take marine 'parks ' (total area -55km 2 ) where fishing and all forms of extraction are forbidden, and six 'reserves' (735km 2 ) where fishing and other activities are regulated for sustainability (Figure 1 ), meaning that Kenya currently protects 8.7% of its continental shelf (Wells et al. 2007) . Continuous fringing coral reef is present along the southern coastline of the country, but because of local geology and currents it is more patchily distributed in the north (McClanahan 1988 ; Figure 1 ). The MPA network in Kenya protects coral reefs, seagrass beds, mangrove areas and a range of intertidal habitats including mudflats, beaches, and rocky shorelines (Semesi 1998 , Gullström et al. 2002 , Nordlund 2012 , McClanahan 2014 .
Watamu Marine National Park (WMNP) covers a 10km 2 section of the lagoon and back-reef south of Watamu village (Figure 2 ), and includes all habitats between the dune vegetation to the reef crest. At its southern end a tidal inlet formed by Mida Creek creates a deeper channel and break in the reef-crest. Mida Creek contains 32km 2 of mangrove forests and rich tidal mudflats, a crucial habitat for wading birds. Both Mida Creek and the fore-reef slope are outside of the park, but are part of the Watamu-Malindi Marine National Reserve (164km 2 ), which extends 20km to the north and also encompasses Malindi Marine National Park (Figure 1 ). WMNP was created in 1968 and the WatamuMalindi Marine National Reserve was declared a UNESCO biosphere reserve in 1979. The park is officially managed by Kenya Wildlife Service (KWS), who are responsible for the management and conservation of both marine and terrestrial parks in Kenya, with some cross over in responsibility with the Ministry of Fisheries (Muthiga 2009). The park saw a steady increase in tourists from the 1970s to present (Muthiga 2009 ) and now tourism is the major component of the local economy (Carter 2012). There are three NGOs carrying out marine conservation in WMNP, through data collection, community relationships and links with tourism. Watamu Turtle Watch works with turtles and has a rehabilitation centre near the beach, while Watamu Marine Association plays an important role in connecting local marine stakeholders, tourist organisations and government bodies to discuss conservation issues. A Rocha Kenya's marine programme was established in 2010, focussing on biodiversity and ecological research in MPA habitats, with a major component of its data collection on the being presented in this paper.
Although WMNP has been protected for 50 years, there has never been a comprehensive inventory of species or a map documenting the range of habitats found in its boundaries. Without this information it is difficult to identify conservation priorities or develop management actions and risks a 'sliding baseline' in our understanding of the biodiversity and habitats found there (Knowlton and Jackson 2008) . The aim of this paper is to collate all the historical information available for WMNP and construct a contemporary baseline for the park. Specifically, we aim to:
 Compile all the existing literature available for the park to identify where historical data are available and highlight gaps in our understanding of WMNP.  Produce a habitat map for the park to demonstrate the range and extent of the habitats being protected.  Assess the biodiversity of major taxa in the different habitats of the park as a first step towards understanding the biota of WMNP as an integrated system. 
METHODS

Literature review
A detailed bibliography of all published papers, grey literature, and reports was compiled by Muthiga and Kawaka (2010) for all marine protected areas in Kenya. An initial bibliography for WMNP was compiled from this, augmented with more recent records,and annotated (Appendix 1). The geographical scope of each reference was defined as 'Watamu' if WMNP was the only study site, 'Kenya' if WMNP was one of several sites in the country or 'International' for any study including data from outside of Kenya.
Habitat mapping
Habitat classifications were chosen a priori based on similar habitats defined in Jones (1969) . These were based on dominant benthic component and divided among the littoral zone as follows: Ground-truthing surveys of subtidal habitats were conducted by dividing the park into zones (2-3km 2 each) and systematically traversing from the low tide mark to the reef crest in roughly parallel lines, with an observer in the water and a second person on a boat recording GPS positions. Notes were made on the dominant benthic substratum and particular attention was paid to the presence of patch reefs. Subtidal ground-truthed waypoints were plotted onto a satellite image of WMNP ( Figure 2 ) and overlain on the map. Habitat polygons were created through 'heads up digitising' (ESRI 2017) whereby the mapper uses visible colour patches, the groundtruthed points and knowledge of the area to manually draw habitat patches. Intertidal habitats were mapped by recording tracks on a GPS by walking around habitat patches at the lowest tide of each tidal cycle (i.e. MLWS). Intertidal polygons were converted from these GPS tracks. Habitat layers and maps were produced using ArcMap 10.0 (ESRI 2010).
Biodiversity
Species lists were collected for fish, echinoderms, molluscs, crustaceans, and seagrass, but corals were identified to genus level. These lists are based on both quantitative sampling and chance incidental observations from 2011-2014 when the lead author was based at A Rocha Kenya's marine programme. Twelve affiliates of the marine programme contributed to data collection ( Table 1 ). The eight intertidal and subtidal habitats defined for habitat mapping were condensed into three 'zones' to structure data collection: 'coral reef', 'intertidal' (beach, tidepool and intertidal seagrass), and non-reef 'subtidal' (rocky reef, sand, seagrass and mixed). The supralittoral zone, composed of dunes, rocky cliffs and islands in the park was not surveyed for biodiversity. All of the sampling was done visually; cryptic and infaunal (burrowing) species were not included. For some taxa (e.g. Molluscs and Echinoderms) this will have missed a significant number of species actually found in the park. Quantitative data were collected for all fish and non-cryptic echinoderms and molluscs (>1cm) in coral reef and intertidal areas. In subtidal areas only fish were assessed quantitatively (Table 1) . Data were collected at the six lagoonal patch reefs between 1 to 8m below mean low water (MLW) using randomly placed belt transects. Fish transects were 40x5m (200m 2 ) and for echinoderms and molluscs, 20x2m (40m 2 ). Biodiversity data from intertidal areas were collected on rocky platforms (~1m above MLW) at regular intervals along the beach. Intertidal areas were sampled with 1m 2 quadrats placed randomly on the platforms, for all taxa sampled (Sindorf et al. 2015) . Subtidal fish data were collected in 5m-wide belt transects running in 4 lines that traverse the park at regular intervals (~2km apart) from the beach to the reef crest.
Incidental records for various taxa were collected based on chance observations reported by A Rocha affiliates (Table 1) . New species were added to the relevant species list and, where possible, a location and date. Incidental records were made for fish, corals, molluscs, echinoderms, seagrass and crustaceans. Intertidal incidental records also include beach and intertidal seagrass habitats, which were not surveyed during quantitative intertidal sampling. All species lists were annotated with IUCN Red List status of species classed as 'Near Threatened' or greater (http://www.iucnredlist.org/) and the fish list was annotated with species' biogeographical affinity (Froese and Pauly 2015) . Quantitative data were analysed to produce estimates of species abundance, total species richness, species diversity and community similarity between zones, using 'R' packages BiodiversityR and Vegan (Kindt and Coe 2005) . The sampling completeness of quantitatively surveyed taxa in each zone (coral reef, intertidal and subtidal) was determined using individual-based rarefaction curves and by calculating total richness estimates. Four common total richness estimates were used: Chao, Jackknife 1, Jackknife 2 and Bootstrap (Kindt and Coe 2005) to give a range of estimated values. 7
RESULTS
Literature review
A total of 101 unique references were found (Figure 3 and Appendix 1), with topics varying from subsistence economics (Versleijin 2001) to turtle endogeny (Watson 2006) . Of the references that present biological information gathered in WMNP, 14 include data from the intertidal zone, 14 from the subtidal zone and the majority, from coral reefs. There were 43 references focussed on Watamu alone, 51 where information from WMNP was included with other sites in Kenya, and seven with sites internationally (Appendix 1).
The first publication to include data from Watamu (Isaac and Isaac 1968 ) reviewed marine botany for the entire Kenyan coast. Shortly afterward the Bangor University expedition in 1969 collected specific information about the newly created park and produced 8 publications, largely around lead editor David Jones' interest in isopods (Crustacea: Isopoda e.g. Jones 1971 ), but also including the first comprehensive baseline data available for the park's biodiversity and ecology (Jones 1969) . A research expedition from the University of Nijmegen, in the Netherlands, carried out a second review of the park in 1982, focussing on coral health and sedimentation from terrestrial erosion (Blom et al. 1985 , van Katwijk et al. 1993 . In 1987 the Kenyan Wildlife Conservation Society (WCS) group, headed by Dr. Timothy McClanahan, began regular ecological monitoring of Kenya's MPAs. To date, with nearly 30 years of annual data collection, WCS have published 45 pieces of work using data from Watamu, including some of the most widely cited coral reef ecology and conservation references in current scientific literature (e.g. McClanahan et al. 2001 , McClanahan et al. 2007 . This is especially true post-1998, when the devastating mass bleaching and mortality of corals in Watamu and across the world, spurred the study of coral reef ecology and conservation in the face of human-driven climate change.
More recently the government bodies Kenya Wildlife Services (KWS) and Kenya Marine and Fisheries Research Institute (KMFRI) began monitoring and conducting marine research. In partnership with KWS, A Rocha Kenya began its marine programme in 2010. There have been 14 papers and reports from this group (available online at http://kenya.arocha.org/work/scientificresearch/reports/) relating to various aspects of marine biodiversity and ecology. ) of the park's area. Areas of the MPA beyond the reef crest were not surveyed because of difficulty in accessing these rougher waters and in the reliability of detection of habitat patches on satellite imagery. An estimated 82% of the mapped area is subtidal, 13% is intertidal and 5% is the supralittoral fringe (Table 2) . Subtidal seagrass is the most dominant component of the park covering nearly 40% of the benthos found in calm sheltered waters <3m deep. On shallow reef crest higher wave energy has created a mixed habitat of seagrass, rubble and occasional coral colonies (14% of area) and in deeper channels (3-10m) sandy carbonate deposits dominant the benthos (26%). Coral reef was the smallest habitat covering an estimated 1%. Hard substrata (either rock or coral) cover just 5.3% of intertidal and subtidal areas. Lines of exposed Pleistocene limestone run parallel to the shore, along the beach edge forming the numerous tide-pool patches and also along the reef crest and through the lagoon forming subtidal rocky reefs (Figure 4 ). Other areas were characterised by sandy and rubble substrata with extensive seagrass growth in shallower (<4m) depths. Most coral reef habitat is also found in a line parallel to shore on the seaward slope of a channel (3-6m deep) that stretches along the central section of the park, including Coral Gardens, the most popular tourist spot (Figure 4 ). This habitat consists of a chain of small (10-50m long) lagoonal patch reefs, featuring large (>2m) Porites colonies. At the landward edge of these patch reefs, the reef rises above the ~1m deep sandy/seagrass habitat to the MLW. Other reefs are found at Turtle Reef and Uyombo, where smaller channels near the reef crest support reef growth on slopes (~30°) extending to 8-10m deep (Figure 4) . These areas are similar to the main reef chain, but have greater water circulation and wave exposure from the ocean, encouraging some fore-reef species (e.g. Manta sp.) to foray into these habitats. Much of the intertidal area is beach (43%), with significant areas of intertidal seagrass found near Uyombo village. Rocky tidepool habitats are most common near the northern edge of Mida Creek channel and on the northern shoreline near Turtle Bay. Limestone platforms (0.5-1m above mean low water) are eroded in complex honeycomb patterns, which has created a network of pools and underground tunnels, some of which are large enough to snorkel in. Figure 4 . Map of habitats found between the reef crest and terrestrial boundary of WMNP. Fish were the richest taxon in the park with 407 species observed from 62 families and 178 genera overall. The most speciose family were the wrasses (Labridae) with 45 species, followed by damselfish (Pomacentridae -36 species) and groupers (Serranidae -24 species). Ten of the fish species were elasmobranchs, six of which are considered threatened (Appendix 2). Most fish had a range extending beyond the Indian Ocean with 323 (81%) being Indo-Pacific, six species (2%) with a circumtropical range, with 44 species (11%) endemic to the WIO region. Coral reefs had the highest richness for fish observed of all the habitats (Table 3) . Most coral genera were also found on the reef, but 13 genera were observed in the rocky intertidal (tidepool) zone, with 2 of these (Anomastrea and Alveopora) only seen in this habitat. Molluscs were the most speciose invertebrate taxon assessed, with incidental records of 60 species. A total of 55 mollusc species were gastropods, including 12 nudibranchs. The 34 echinoderms were comprised of nine starfish (Asteroidea), ten urchins (Echinoidea), ten sea cucumbers (Holothuroidea) and five brittlestars (Ophiuroidea). The 43 genera of corals observed came from 11 families.
Habitat
The biodiversity of WMNP
There were 18 species found which have an IUCN Red List status other than least concern (LC) or data deficient (DD), with five near threatened (NT) species, 11 vulnerable (VU) species and two endangered (EN) species. Six of these species were elasmobranchs, six were bony fish (Teleosts), four sea cucumbers (Holothuroidea), one seagrass and one coral species. During species identification of fish seven potentially undescribed sweepers were observed (Pempheris spp., J. Randall, Bishop Museum, pers. comm.).
White-belly sea cucumber -Actinopyga mauritiana (VU) Military sea cucumber -Actinopyga miliaris (VU) South African eelgrass -Zostera capensis (VU) Crisp pillow coral -Anomastraea irregularis (VU)
Humphead wrasse -Cheilinus undulatus (EN) Edible sea cucumber -Holothuria scabra (EN)
Completeness of biodiversity records Table 4. Sampling effort of quantitative data collection by taxon and habitat
The area surveyed and number of individuals recorded is presented to demonstrate the sampling effort for each taxon (Table 4 ). The largest area covered in quantitative surveys was for fish in the subtidal zone covering 14,500m 2 (Table 4) . However, as a percentage of this habitat's total area this only represents sampling of 0.2%. By contrast, the smaller area covered for fish on coral reef of 4000m 2 was technically a greater sampling effort as this accounted for 4.7% of its area. Intertidal fish had the lowest sampling effort with just 220 individuals recorded from 0.1% of the total habitat in WMNP (Table 4) . Species rarefaction and richness estimate curves for reef fish and subtidal fish (Figure 5a , Table 5 ) suggest these habitats were adequately sampled for fish, whereas intertidal fish appeared to have been under sampled. Sampling for echinoderm species lists appeared to be largely complete with the rarefaction curves for both intertidal and reef species nearing the asymptote (Figure 5b ). Intertidal molluscs appeared well sampled ( Figure  5c ), but the small number of reef molluscs observed (95) means this group is probably under sampled. It is interesting to note that in all habitats the incidental richness of fish and echinoderms (Table 3 ) was higher than most of the richness estimates (Table 5) . 
Historical biodiversity records from WMNP
During the past 50 years there have been several key studies documenting the biodiversity found in the park, all of which were published over 20 years ago. Isaac and Isaac's (1968) monograph on the ecology and biodiversity of mangroves, seagrass and seaweeds found in Kenya unfortunately doesn't present data by site, i.e., there is no information specific to Watamu. In this survey, 11 of the 12 seagrass species listed in Kenya were recorded in the park (Table 3 , Appendix 2). The Bangor Expedition in 1969 collected a great deal of information on the noncoral invertebrate fauna of the park, published over the following 12 years (Appendix 1: Research Group = 'Bangor Expedition'). Humphreys (1981) lists 107 species of Echinodermata in the park, organised by habitat, niche, and relative abundance, and includes all of the 34 species recorded in this survey. The Bangor Expedition work is much more comprehensive than this survey (34 species), including infaunal (burrowing) echinoderms and more attention to the taxonomically difficult brittle stars (Ophiuroidea). The Bangor expedition also collected data on the crustaceans and polychaetes found in the park (e.g., Jones 1971 Jones , 1972 Jones , 1976 Jones and 1982 . Brander (1971) found 50 unidentfied species of polychaetes and 30 crustaceans in reef areas. A Rocha's work surveyed crustaceans incidentally and polychaetes not at all, thus these groups remain poorly known.
In 1982 Nijmegen University compiled a species list of corals (Scleractinia) found in the wider Watamu-Malindi Marine Reserve, including 113 species from 45 genera (Lemmens, 1993) . This list includes 7 genera not found in A Rocha's surveys (Seriatopora, Stylophora, Pachyseris, Cynarina, Diploastrea, Physogyra and Gyrosmilia). The wider range of habitats surveyed by Nijmegen University may explain why some of these genera were not included in A Rocha's list (Appendix 2), with genera such as Pachyseris and Diploastrea being present and common outside the park, in the reserve on the fore-reef slope (B. Cowburn, pers. obs.). A Rocha's surveys found 43 genera (Table 3 , Appendix 2), including three coral genera not listed in Lemmens (1993) Ctenactis, Anomastrea and Symphyllia -and also 'gained' two genera because of recent changes to coral taxonomy; Isopora which was formerly included within Acropora, and Coelastrea which was previously named Goniastrea aspera. McClanahan (1990) surveyed the sea snail fauna (Prosobranchia) of Kenya and presented quantitative records of abundance. Information about the 10 most common species is presented at the site level, meaning a complete list for WMNP is not available. A fish list was compiled for the park by local enthusiast and tour guide Mr. Richard Bennett, who has recorded nearly 500 species during his ~20 years of residence in Watamu since the 1990s.
Research gaps and future work
The majority of the literature related to coral reef ecology and biodiversity, despite this habitat only covering 1% of the mapped area (Table 2, Figure 4) . The most understudied habitats are the seagrass beds, subtidal rocky reefs, and sandy channels in the non-reef subtidal zone, which cover 82% of the mapped park area. A heavy focus on coral reefs is not unusual in tropical marine ecology because of their considerable importance in terms of biodiversity (Plaisance et al. 2011 ), ecosystems services (Constanza et al. 1997 ) and aesthetic appeal. However, key ecological processes and biodiversity are found within other tropical marine habitats. This study found the intertidal zone had the most biodiverse echinoderm and mollusc communities ( Figure 6 ) and recorded 10 of the 18 IUCN red-listed species of conservation concern in non-reef habitats. Sindorf et al. (2015) noted that rocky intertidal areas (~2% of WMNP) contained a high proportion juvenile reef fish species, which are presumably using the pools as nursery grounds. The extensive seagrass beds in WMNP provide various ecological roles and ecosystem services, such as carbon storage, feeding grounds for coral reef organisms, and helping to prevent erosion (Gullström et al. 2002, Green and Short 2003) . However, based on the current literature available for WMNP there is little known about the biodiversity or ecosystem functioning locally.
The sampling completeness for many taxa and habitats appeared complete based on quantitative results, but incidental observations recorded higher richness values than the richness estimations. This may be because there is greater habitat diversity within zones than captured from the areas covered in quantitative surveys, meaning some species ranges were not included. Species records were limited to well-documented and conspicuous groups that could be easily identified in the field. Identification of other taxa, such as soft corals (Octocorallia) and sponges (Porifera), which require a higher degree of taxonomic specialisation and the collection of specimens, was not attempted. Sampling of cryptic and infaunal invertebrate taxa require taking sediment cores and dead coral rock, which was beyond the scope of the current study, but contribute greatly to biodiversity of these taxa (Plaisance et al. 2011 ). Many of the taxa not assessed contribute significantly to total biodiversity of shallow marine habitats (Taylor 1971 , Richmond 2002 and play a crucial role in coral-reef ecology and functioning (Diaz and Rutzler 1999) . Future biodiversity assessments should prioritise infaunal species of mollusc, echinoderm and crustaceans and all species of soft corals, sponges, macroalgae, polychaetes and tunicates. This study provides the most detailed and accurate information to date of habitat distribution within the lagoon. However, the area mapped only extends to the reef crest and the remaining 1.65km2 within the boundaries of WMNP is un-surveyed, without any information on the species found there. An additional gap in the mapping is for the supra-littoral habitats, recognising the differences in the dunes, coastal scrub, cliffs and islands found above the tideline, which are protected as part of the MPA.
Conservation challenges and the conservation value of WMNP
When WMNP was initially created, there were concerns of overexploitation in the lagoon, particularly of shells for the tourist trade (Jones 1969) . In the past 50 years human population has increased dramatically in Watamu (>500%), triggered by tourism and migration into the area (Muthiga 2009). The presence of a large human population has had several impacts, the most obvious of which is the encroachment of the dune and beach areas of the park by hotels and other developments. Another potential impact of tourist development, which has never been formally assessed, is the increase in polluting substances entering the lagoon. Large numbers of pleasure vessels and tourist boats are moored in the northern part of the park, which could be releasing hydrocarbons and antifouling paint into the water. Inadequate sewage systems in the growing residential areas of Watamu may mean elevated levels of nutrients are entering the park. These pollutants have damaging impacts on coral and seagrass communities (Fabricius 2005, Green and Short 2003) , and should be assessed and managed if necessary.
Increasing human populations on the Kenyan coast has also impacted reef fisheries, with a significant reduction in fish yields over the past 20 years (Kaunda-Arara et al. 2003 , Samoilys et al. 2017 . While WMNP has been moderately successful at enforcing its notake status (McClanahan et al. 2010) , there exists a degree of poaching of fish and other natural resources from the park (B. Cowburn pers. obs.), the extent and impacts of which are unclear. The increasingly degraded areas around the park may be causing a 'spill-in' of negative environmental conditions (Eklof et al. 2009 ), through reduced larval supply, or reduced populations of fish that range both inside and out of the park. The most significant impact to the park to date was the mass bleaching and mortality of coral in 1998 (Muthiga 2009). This extreme mass-bleaching event that caused the loss of approximately 16% of reefs globally (Wilkinson 2008) , saw 70% mortality of corals in WMNP (McClanahan et al. 2001 ). Since 1998 there have been four minor bleaching events and, with further increases in ocean temperatures predicted, the future of corals in WMNP is under threat (van Hooidonk et al. 2016) .
Despite these threats the park maintains high habitat and species diversity ( Figure  4 , Appendix 2) with 18 species with an IUCN red list designation of 'conservation concern'. Many more are listed as data deficient, including several of the grouper (Serranidae) and elasmobranches, demonstrating the need for more research into the conservation importance of thes habitats. WMNP has been effective at protecting a healthier fish community than surrounding areas (McClanahan 2014) , and possesses important keystone species including the orange-lined triggerfish (Balistoides undulates) and red knobbed starfish (Protoeaster linckii). On unprotected reefs in Kenya the loss of these species through overfishing has been associated with the rapid increase of sea urchin populations Diadema spp. and Tripneustes gratillia, which has resulted in urchin overgrazing on reefs and seagrass meadows respectively (McClanahan 2000 , Eklof et al. 2009 ). In addition to the conservation value of the park for habitats and species, protecting WMNP is also important for the local tourist economy, which attracts approximately 25,000 visitors per year, generating €200,000 per year in park entrance fees (Cowburn et al. 2013) . (Appendix 2). Despite being a small MPA in a less economically developed tropical nation, WMNP is far from being a 'paper-park' and contributes to local and regional conservation efforts. It is one of the oldest MPAs in the world and has a remarkable amount of historical data collection for a Western Indian Ocean site. However, with increasing pressure from human development and climate change, the future of its habitats and biodiversity relies on effective management of threats and maintaining public support for its existence. Oryx, 42(03) .
